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cognitive base station in the radio communication system.
The radio module ofthe cognitive terminal counts the number
oftimes it receives/transmits ACK/NACK in each unit time. A
radio environment cognition unit of the cognitive terminal
performs calculations using the count number(s) in consider-
ation of the packet transmission time interval or the time
required for repeating a single data packet, thus measuring
characteristics of delay time variations in uplink/downlink
communication with respect to each radio media. Thus, it is
possible for the cognitive terminal to switch over radio media
based on ACK/NACK in uplink/downlink communication.
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FIG.9
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FIG. 11
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FIG. 13
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COMMUNICATION CHARACTERISTIC
MEASURING DEVICE ADAPTED TO
WIRELESS TERMINAL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to radio communication sys-
tems implementing radio communications using wireless ter-
minals via base stations by way of radio media and in par-
ticular to communication characteristic measuring devices
that measure communication characteristics so as to switch
over radio media in wireless terminals.

The present application claims priority on Japanese Patent
Application No. 2008-329901, the content of which is incor-
porated herein by reference.

2. Description of the Related Art

Recently, various radio media such as wireless local area
networks (LAN) and cellular phone networks have been
developed, and various technologies have been developed to
seamlessly integrate a variety of radio media.

Patent Document 1: Japanese Unexamined Patent Applica-
tion Publication No. 2008-85759

Non-Patent Document 1: Tadayuki Fukuhara, Sachiko
Yamanaka, Akira Yamaguchi, Sadao Obana, “Delay mea-
surement method for cognitive wireless access network”,
the Institute of Electronics, Information and Communica-
tion Engineers, 2006 Society Convention, B-17-19, Sep-
tember 2006

Non-Patent Document 2: 3GPP TS36.321 “E-UTRA MAC
Protocol Specification”

Non-Patent Document 3: 3GPP TS36.322 “E-UTRA MAC
Protocol Specification”

Non-Patent Document 4: Contribution to 3GPP, 3GPP TSG
RAN WGQG2 #62 R2-082229 “HARQ Process Management
for Persistent Scheduling”

Patent Document 1 discloses that a variety of radio com-
munication systems is integrated using cognitive terminals
and cognitive base stations by way of a variety of radio media.
Cognitive base stations detect radio environments so as to
select radio media based on cognition results.

Non-Patent Document 1 discloses that delay time differ-
ences occurring between communication systems are mea-
sured as one indicator for detecting radio environments. Spe-
cifically, gateways (which are higher places in the
hierarchical structure of communications than base stations)
transmit “probe packets” exclusively used for measurement
to terminals via various communication systems so as to
measure delay time differences occurring between commu-
nication systems.

Non-Patent Document 2 discloses the standard for Media
Access Control (MAC) of “Long Term Evolution (LTE)” in
3.9-Generation mobile system, which includes Hybrid Auto-
matic Repeat Request (HARQ) for repeating packets.
According to the HARQ in connection to uplink communi-
cation (for transmitting packets from terminals to base sta-
tions) and downlink communication (for transmitting packets
from base stations to terminals), packet receivers (i.e. base
stations in uplink communication or terminals in downlink
communication) determine success or failure of reception
every time they receive packets, wherein they send back
“acknowledgement” (ACK) in the case of success of recep-
tion but sends back “negative acknowledgement” (NACK) in
the case of failure of reception; hence, packet transmitters
(i.e. terminals in uplink communication or base stations in
downlink communication) repeat transmitting packets until
they receive ACK.

20

25

30

35

40

45

50

55

60

2

Non-Patent Document 3 discloses the standard for the LTE
regarding the repetition (or retransmission) of packets. The
ARQ is a repetition method in a higher place of communica-
tion hierarchy than the HARQ. When packets are repeated the
maximum number of times according to the HARQ but fail to
reach destinations, the ARQ is activated to repeat packets
again. The ARQ is mostly used as a remedy against feedback
errors occurring in the HARQ.

Non-Patent Document 4 discloses the operation of the
HARQ adapted to Voice over Internet Protocol (VoIP) com-
munication, which normally employs ‘“Persistent Schedul-
ing” for repeating packets in units of 20 milli-seconds but
which employs “Dynamic Scheduling” for dynamically
determining the time for repeating packets in accordance with
the HARQ. It discloses that the period of time required for
repeating packets upon one HARQ is set to 8 milli-seconds,
for example.

These conventional technologies have various drawbacks.
That is, Patent Document 1 does not disclose the specific
configuration for detecting radio environments. Non-Patent
Document 1 suffers from the following drawbacks.

(a) The delay time characteristics are not determined per each
individual communication system.

(b) Probe packets exclusively used for measurement consume
communication resources for the purpose of measurement.

(c) Gateways are required to transmit probe packets and may
easily face the shortage of processing abilities to cope with
the increased number of terminals.

In real-time applications such as VoIP, it is important to
detect delay time variations rather than delay time lengths.
Pertaining to the LTE, Non-Patent Document 2 discloses that
the ACK (representing the success of reception) or NACK
(representing the failure of reception) is sent back per each
packet, while Non-Patent Document 4 discloses that packets
are repeated per predetermined period of time. Considering
the above characteristics, it may be necessary to monitor the
reception acknowledgement information such as ACK and
NACK, and it may be necessary for terminals to measure
communication characteristics representing delay time varia-
tions in uplink communication and downlink communication
independently.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a com-
munication characteristic measuring device which measures
communication characteristics representing delay time varia-
tions based on the reception acknowledgement information
with respect to uplink communication and downlink commu-
nication independently and with respect to radio media inde-
pendently and which allows a wireless terminal to switch over
radio media available in the radio communication system.

The present invention is directed to a communication char-
acteristic measuring device which is adapted to a wireless
terminal performing communication using a plurality ofradio
media via a base station in the radio communication system.
The communication characteristic measuring device includes
a plurality of radio modules and a radio environment cogni-
tion unit. The radio module obtains the reception acknowl-
edgement information regarding a data packet which is trans-
mitted to or received from a counterpart wireless terminal in
aprescribed communication range with respect to each radio
media independently. The radio environment cognition unit
generates delay time variation data representing the charac-
teristics of delay time variations based on the reception
acknowledgement information with respect to each radio
media and each direction of communication independently.
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In a first aspect of the present invention, the radio module
counts “B” representing the number of times it receives ACK
in each unit time “A”. The radio environment cognition unit
calculates “C” representing an average reception time inter-
val by way of an equation of C=A+B, and then it calculates
“E” representing an uplink average packet arrival time error
by way of an equation of E=D-C where D denotes a packet
transmission time interval, thus measuring distribution char-
acteristics of the uplink average packet arrival time error as
delay time variation data in uplink communication.

Alternatively, the radio module counts “Bd” representing
the number of times it transmits ACK in each unit time “A”.
The radio environment cognition unit calculates “Cd” repre-
senting an average reception time interval by way of an equa-
tion of Cd=A+Bd, and then it calculates “Ed” representing a
downlink average packet arrival time error by way of an
equation of Ed=D-Cd where D denotes a packet transmission
time interval, thus measuring distribution characteristics of
the downlink average packet arrival time error as delay time
variation data in downlink communication.

In a second aspect of the present invention, the radio mod-
ule counts “G” representing the number of times it receive
NACK in each unit time “A”. The radio environment cogni-
tion unit calculates “I” representing an uplink average accu-
mulated delay time by way of an equation of [=GxH where H
denotes the time required for repeating a single data packet,
thus measuring distribution characteristics of the uplink aver-
age accumulated delay time as delay time variation data in
uplink communication.

Alternatively, the radio module counts “Gd” representing
the number of times it transmits NACK in each unit time “A”.
The radio environment cognition unit calculates “Id” repre-
senting a downlink average accumulated delay time by way of
an equation of Id=GdxH where H denotes a time required for
repeating a single data packet, thus measuring distribution
characteristics of the downlink average accumulated delay
time as delay time variation data in downlink communication.

In a third aspect of the present invention, the radio module
counts “B” representing the number of times it receives ACK
in each unit time A, and “G” representing the number of times
it receives NACK in each unit time A. The radio environment
cognition unit calculates “K” representing an uplink average
packet repeat delay time by way of an equation of K=G+BxH
where H denotes a time required for repeating a single data
packet, thus measuring distribution characteristics of the
uplink average packet repeat delay time as delay time varia-
tion data in uplink communication.

Alternatively, the radio module counts “Bd” representing
the number of times it transmits ACK in each unit time A and
“Gd” representing the number of times it transmits NACK in
each unit time A. The radio environment cognition unit cal-
culates “Kd” representing an downlink average packet repeat
delay time by way of an equation of Kd=Gd+BdxH where H
denotes a time required for repeating a single data packet,
thus measuring distribution characteristics of the downlink
average packet repeat delay time as delay time variation data
in downlink communication.

In a fourth aspect of the present invention, the radio module
records a first reception time “R1” for receiving a data packet
in each unit time “A” and a second reception time “R2” for
acknowledging the success of reception with respect to the
data packet. The radio environment cognition unit calculates
“M” representing a downlink average packet delay time by
way of an equation of M=R2-R1, thus measuring distribution
characteristics of the downlink average packet delay time as
delay time variation data in downlink communication.
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4

As described above, the present invention allows the wire-
less terminal incorporating the communication characteristic
measuring device to measure characteristics of delay time
variations based on the reception acknowledgement informa-
tion in the prescribed communication range with respect to
each radio media, uplink communication, and downlink com-
munication independently. Thus, it is possible to appropri-
ately switch over radio media in communications between
wireless terminals in the radio communication system.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects, aspects, and embodiments of the
present invention will be described in more detail with refer-
ence to the following drawings.

FIG. 1 is a schematic illustration showing a radio commu-
nication network using a cognitive base station adapted to the
present invention.

FIG. 2 is a block diagram showing the configuration of the
cognitive base station including a switch and radio modules.

FIG. 3 is a block diagram showing the configuration of a
cognitive terminal including a switch and radio modules.

FIG. 4 is a sequence chart showing procedures for the
reception acknowledgement of packet data transferred
between macro-cell radio modules of the cognitive base sta-
tion and cognitive terminal.

FIG. 5 is a flowchart showing a measurement method for
measuring delay time variation data in accordance with a first
embodiment.

FIG. 6 is a sequence chart showing the measurement
method for measuring delay time variation data according to
the first embodiment.

FIG. 7 is a graph exemplifying delay time variation data,
i.e. an uplink average packet arrival time error.

FIG. 8 is a flowchart showing a measurement method for
measuring delay time variation data in accordance with a
second embodiment.

FIG. 9 is a sequence chart showing the measurement
method for measuring delay time variation data according to
the second embodiment.

FIG. 10 is a graph exemplifying delay time variation data,
i.e. an uplink average accumulated delay time.

FIG. 11 is a flowchart showing a measurement method for
measuring delay time variation data in accordance with a
third embodiment.

FIG. 12 is a sequence chart showing the measurement
method for measuring delay time variation data according to
the third embodiment.

FIG. 13 is a graph exemplifying delay time variation data,
i.e. an uplink average packet repeat delay time.

FIG. 14 is a flowchart showing a measurement method for
measuring delay time variation data in accordance with a
fourth embodiment.

FIG. 15 is a sequence chart showing the measurement
method for measuring delay time variation data according to
the fourth embodiment.

FIG. 16 is a graph exemplifying delay time variation data,
i.e. a downlink average packet delay time.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention will be described in further detail by
way of examples with reference to the accompanying draw-
ings.
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FIG. 1 is a schematic illustration showing a radio commu-
nication network using a cognitive base station adapted to the
present invention.

The cognitive base station includes a macro-cell radio
module 14a, a micro-cell radio module 145, and a pico-cell
radio module 14¢. The macro-cell radio module 144 config-
ures a macro-cell covering the broadest communication area.
The macro-cell is a cellular cell provided by a certain cellular
phone service operator, for example. The micro-cell radio
module 145 configures a micro-cell whose communication
area is smaller than that of the macro-cell. The micro-cellis a
cell defined by “Mobile WIMAX” based on “IEEE802.16” or
“Mobile Broadband Wireless Access (MBWA)” based on
“IEEE802.20”, for example.

The pico-cell radio module 14¢ configures a pico-cell
whose communication area is smaller than that of the micro-
cell. The pico-cell is a cell of a wireless LAN based on
“IEEE802.11”, for example. Both the micro-cell and the
pico-cell are disposed inside the macro-cell. In this connec-
tion, the present invention is not necessarily limited to the
following embodiments in terms of radio media.

The macro-cell radio module 14a, the micro-cell radio
module 145, and the pico-cell radio module 14¢ are con-
nected to a switch 13 via communication lines. FIG. 1 does
depict the other configurations (other than the above configu-
rations) related to the cognitive base station.

As shown in FIG. 1, the switch 13 covers a single macro-
cell so that it embraces all the micro-cells and pico-cells
included in such macro-cell. That is, the switch 13 covers one
macro-cell and its micro-cells and pico-cells (included in the
macro-cell), which are thus processed in the same link layer.

FIG. 2 is a block diagram showing the configuration of a
cognitive base station 10 adapted to the radio communication
network shown in FIG. 1. The cognitive base station 10
includes a core-network interface 11, a virtual MAC process-
ing unit (where MAC stands for Media Access Control) 12,
the switch 13, a plurality of radio modules 14 (which are
coordinated with respective radio media), and a radio envi-
ronment cognition unit 15. As the radio modules 14, the
cognitive base station 10 includes macro-cell radio modules
14a, micro-cell radio modules 145, and pico-cell radio mod-
ules 14c¢.

The cognitive base station 10 is connected to a core net-
work (connected to the existing networking system, not
shown) via the core network interface 11. That is, the cogni-
tive base station 10 is connected to other cognitive base sta-
tions via the core network. In addition, the cognitive base
station 10 is accessible to external networks such as the Inter-
net via the core network.

As communication data for the network layer, the core
network interface 11 receives and transmits IP packets (where
IP stands for Internet Protocol) in connection with the core
network.

The virtual MAC processing unit 12 establishes links using
virtual MAC addresses which are physical addresses and
which are univocally allocated to base stations and terminals.
The virtual MAC processing unit 12 of the cognitive base
station 10 establishes links using virtual MAC addresses in
cooperation with virtual MAC processing units of cognitive
terminals (not shown).

The virtual MAC processing unit 12 produces transmitting
frames using established links. For the sake of convenience,
transmitting frames will be referred to as “link frames”,
which stores IP packets given from the core network. The
virtual MAC processing unit 12 forwards link frames to the
switch 13. In addition, the virtual MAC processing unit 12
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receives link frames from the switch 13 so as to extract IP
packets from link frames. Then, IP packets are forwarded to
the core network interface 11.

The switch 13 delivers link frames (output from the virtual
MAC processing unit 12) to the radio modules 14. In addition,
the switch 13 forwards link frames (output from the radio
modules 14) to the virtual MAC processing unit 12.

Each of the radio modules 14 has a unique MAC address.
For the sake of convenience, the unique MAC addresses of the
radio modules 14 will be referred to as “real MAC addresses”
which are distinct from “virtual MAC addresses”. Real MAC
addresses have been conventionally used. The radio modules
14 establish radio links using real MAC addresses with other
radio modules sharing the same radio media. Radio links are
established in units of frequency channels.

The radio modules 14 generate transmitting frames to be
transmitted via radio links, wherein transmitting frames store
link frames output from the switch 13. In addition, the radio
modules 14 extract link frames from received frames via
radio links so as to forward them to the switch 13.

The radio environment cognition unit 15 detects radio envi-
ronments so as to instruct the switch 13 with destinations to
which link frames (output from the virtual MAC processing
unit 12) are to be delivered. Specifically, the radio environ-
ment cognition unit 15 acquires the radio information from
the radio modules 14. Herein, the radio environment cogni-
tion unit 15 is equipped with a sensor antenna 16 which
observes communication data so as to acquire the radio infor-
mation. The radio information includes RSSI values (where
RSSI stands for Received Signal Strength Indicator), back-
ground noise levels, modulation methods, the amount of
transmission-waiting data accumulated in transmission buff-
ers, the number of times the NACK (representing the failure
of transmission) is received from the counterpart station, and
the rejection rate indicating the level of defectiveness or rejec-
tion with respect to received frames transmitted from the
counterpart station, for example.

Alternatively, the cognitive base station 10 receives char-
acteristic data representing delay time variations (hereinafter
referred to as delay time variation data) from cognitive ter-
minals connected thereto. Delay time variation data are
received by the radio environment cognition unit 15. Delay
time variation data are assigned to radio media indepen-
dently; hence, they indicate characteristics of delay time
variations with respect to each radio media.

Based on the radio information or delay time variation
data, the radio environment cognition unit 15 evaluates the
state of each radio media, for example, it determines which of
the radio media renders a good state of communication. In
addition, the radio environment cognition unit 15 determines
which of the frequency channels of the selected radio media
renders a good state of communication. Using long-term and
short-term statistics data, the radio environment cognition
unit 15 estimates the radio media presumably rendering a
good state of communication and the frequency channel pre-
sumably rendering a good state of communication in the
future.

Based on the state of each radio media, the radio environ-
ment cognition unit 15 selects the radio module 14 used for
uplink communication. The radio environment cognition unit
15 instructs the switch 13 to use the selected radio module 14
for uplink communication. In connection with destinations of
delivering link frames via radio media which presently render
a good state of communication or which will presumably
render a good state of communication in the future, the radio
environment cognition unit 15 designates one or a plurality of
radio modules 14 and also designates one or a plurality of
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frequency channels of the designated radio modules 14. In
addition, it determines the distribution ratio for the switch 13
based on the state of each radio media. The cognitive base
station 10 sends all pieces of information regarding the radio
module 14 used for uplink communication to the counterpart
cognitive terminal, the switch of which is thus connected to
the corresponding radio module subjected to uplink commu-
nication.

The cognitive base station 10 receives the information
regarding the radio module of the cognitive terminal used for
downlink communication so that the switch 13 is connected
to the radio module 14 used for downlink communication in
correspondence with the switch of the cognitive terminal.

FIG. 3 is a block diagram showing the configuration of a
cognitive terminal 100, which is linked with the cognitive
base station 10 shown in FIG. 2.

The cognitive terminal 100 includes a user network inter-
face 101, a virtual MAC processing unit 102, a switch 103, a
plurality of radio modules 104 (which are coordinated with
respective radio media), and a radio environment cognition
unit 105. The radio modules 104 include macro-cell radio
modules 1044, micro-cell radio modules 1045, and pico-cell
radio modules 104c.

The cognitive terminal 100 is connected to a user network
such as a LAN via the user network interface 101. The cog-
nitive terminal 100 is accessible to external networks such as
the Internet via the user network. The user network interface
101 receives and transmits IP packets in the user network as
communication data in the network layer.

The virtual MAC processing unit 102 establishes links
using virtual MAC addresses. The virtual MAC processing
unit 102 of the cognitive terminal 100 establishes links with
the virtual MAC processing unit 12 of the cognitive base
station 10. Using established links, the virtual MAC process-
ing unit 102 produces link frames, which are then forwarded
to the switch 103. In addition, the virtual MAC processing
unit 102 extracts IP packets from link frames (output from the
switch 103) so as to forward them to the user network inter-
face 101.

The switch 103 delivers link frames (output from the vir-
tual MAC processing unit 102) to the radio modules 104 or
forwards link frames (output from the radio modules 104) to
the virtual MAC processing unit 102.

The radio modules 104 have unique “real” MAC addresses.
The radio modules 104 establish radio links using real MAC
addresses with other radio modules sharing the same radio
media. The radio modules 104 generate transmitting frames
using radio links. Transmitting frames store link frames out-
put from the switch 103. The radio modules 104 extract link
frames from received frames via radio links so as to forward
them to the switch 103.

The radio environment cognition unit 105 measures delay
time variation data with respect to radio media. That is, the
radio environment cognition unit 105 receives the reception
acknowledgement information from each radio module 104
with respect to transmitting frames. Using the reception
acknowledgement information of transmitting frames via
radio media, the radio environment cognition unit 105 gen-
erates delay time variation data, which are then sent to the
cognitive base station 10.

In addition, the radio environment cognition unit 105
acquires the radio information from each radio module 104.
Herein, the radio environment cognition unit 105 uses a sen-
sor antenna 106 observing radio communication so as to
acquire the radio information. Based on the radio information
or delay time variation data, the radio environment cognition
unit 105 selects the radio module 104 used for downlink
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communication. The radio environment cognition unit 105
instructs the switch 103 to use the selected radio module 104
for downlink communication. The information regarding the
radio module 104 opted for downlink communication is sent
to the cognitive base station 10, in which the switch 13 selects
the corresponding radio module 14 used for downlink com-
munication.

The cognitive base station 10 sends the information regard-
ing the radio module opted for uplink communication to the
cognitive terminal 100; hence, switch 103 of the cognitive
terminal 100 selects the radio module 104 for uplink commu-
nication in coordination with the switch 13 of the cognitive
base station 10.

The macro-cell radio modules 104a of the cognitive termi-
nal 100 establish radio links with the macro-cell radio mod-
ules 14a of the cognitive base station 10. In addition, the
micro-cell radio modules 1045 establish radio links with the
micro-cell radio modules 145. The pico-cell radio modules
104¢ establish radio links with the pico-cell radio modules
14c.

Based on delay time variation data, the cognitive terminal
100 determines radio modules 104 used for uplink commu-
nication and downlink communication respectively so as to
notify their information to the cognitive base station 10. As an
alternative scheme, the cognitive base station 10 determines
radio modules used for downlink communication, while the
cognitive terminal 100 determines radio modules used for
uplink communication.

The cognitive terminal 100 employs the following mea-
surement method for measuring delay time variation data.

FIG. 4 is a sequence chart explaining procedures for the
reception acknowledgement of frames (or data packets) in
accordance with the HARQ, in which uplink communication
is made using macro-cell radio modules, for example.

Upon the success of reception of each data packet, the
macro-cell radio module 14a of the cognitive base station 10
sends ACK to the macro-cell radio module 104a of the cog-
nitive terminal 100. Upon the failure of reception of a data
packet, the macro-cell radio module 14a sends NACK to the
macro-cell radio module 104a. Every time the macro-cell
radio module 104a receives NACK, it repeats the correspond-
ing data packet.

In accordance with procedures for the reception acknowl-
edgement of data packets, the cognitive terminal 100 employs
the following measurement method for measuring delay time
variation data.

The radio environment cognition unit 105 of the cognitive
terminal 100 is designed to measure delay time variation data
in accordance with each of the following embodiments,
which will be described with respect to single radio media. In
the measurement of delay time variation data via single radio
media, the radio environment cognition unit 105 receives the
reception acknowledgement information (i.e. ACK or
NACK) from the radio module 104 (e.g. the macro-cell radio
module 1044). Using the reception acknowledgement infor-
mation, the radio environment cognition unit 105 generates
delay time variation data.

1. First Embodiment

FIG. 5 is a flowchart showing the measurement method for
measuring delay time variation data in accordance with a first
embodiment. FIG. 6 is a sequence chart showing the mea-
surement method for measuring delay time variation data
according to the first embodiment. FIG. 7 is a graph exempli-
fying delay time variation data. The first embodiment dem-
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onstrates the measurement of delay time variation data in
uplink communication using the macro-cell radio module
104a.

The measurement method of delay time variation data
according to the first embodiment will be described with
reference to FIGS. 5 and 6.

Step S11: The macro-cell radio module 104a counts the
number of times “B” it receives ACK in each unit time “A”
(e.g. one second).

Step S12: The radio environment cognition unit 105 cal-
culates an average reception time interval C by way of an
equation of C=A+B.

Step S13: The radio environment cognition unit 105 cal-
culates an uplink average packet arrive time error E by way of
an equation of E=D-C where D denotes the transmission time
interval of data packets which is a fixed time interval, e.g. 20
mili-second in the case of VoIP.

Measurement examples where A=1 second, and D=20 sec-
onds are as follows:

Times 1-2 seconds: B=40, C=25 milli-second, and E=5
milli-second.

Times 2-3 seconds: B=30, C=33 milli-second, and E=13
milli-second.

The radio environment cognition unit 105 calculates dis-
tribution characteristics (i.e. histograms) of the uplink aver-
age packet arrival time error E, an example of which is shown
in FIG. 7.

The radio environment cognition unit 105 determines
delay time variation data based on distribution characteristics
of the uplink average packet arrival time error E. Based on
delay time variation data, it is possible to detect the charac-
teristics of delay time variations in uplink communication
using the macro-cell radio module 104a.

The first embodiment demonstrates the measurement of
the uplink average packet arrival time error E in uplink com-
munication, but it is possible to measure a downlink average
packet arrival time error in downlink communication in a
similar manner. In order to calculate a downlink average
packet arrive time error “Ed” in downlink communication,
the macro-cell radio module 1044 counts the number of times
“Bd” it transmits ACK in each unit time A. Subsequently, the
radio environment cognition unit 105 calculates an average
transmission time interval “Cd” by way of an equation of
Cd=A+Bd. Then, it calculates the downlink average packet
arrival time error “Ed” by way of an equation of Ed=D-Cd.

2. Second Embodiment

FIG. 8 is a flowchart showing the measurement method for
measuring delay time variation data in accordance with a
second embodiment. FIG. 9 is a sequence chart showing the
measurement method for measuring delay time variation data
according to the second embodiment. FIG. 10 is a graph
exemplifying delay time variation data. The second embodi-
ment demonstrates the measurement of delay time variation
data in uplink communication using the macro-cell radio
module 104a.

The measurement method of delay time variation data
according to the second embodiment will be described with
reference to FIGS. 8 and 9.

Step S21: The macro-cell radio module 104a counts the
number of times G it receives NACK in each unit time A (e.g.
one second).

Step S22: The radio environment cognition unit 105 cal-
culates an uplink average accumulated delay time 1 by way of
an equation of [=GxH where H denotes a time required for
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repeating a single data packet which is a fixed time, e.g. 8
milli-seconds for one-time repetition according to the
HARQ.

Measurement examples where A=1 second, and H=8 milli-
seconds are as follows:

Times 1-2 seconds: G=10, I=80 milli-seconds.

Times 2-3 seconds: G=20, I=160 milli-seconds.

The radio environment cognition unit 105 calculates dis-
tribution characteristics of the uplink average accumulated
delay time I, an example of which is shown in FIG. 10.

The radio environment cognition unit 105 determines
delay time variation data based on distribution characteristics
of the uplink average accumulated delay time 1. Based on
delay time variation data, it is possible to detect the charac-
teristics of delay time variations in uplink communication
using the macro-cell radio module 104a.

The second embodiment demonstrates the measurement of
the uplink average accumulated delay time I in uplink com-
munication, but it is possible to measure a downlink average
accumulated delay time in downlink communication in a
similar manner. In order to calculate a downlink average
accumulated delay time “Id” in downlink communication, the
macro-cell radio module 104a counts the number of times
“Gd” it transmits NACK in each unit time A. Subsequently,
the radio environment cognition unit 105 calculates the
downlink average accumulated delay time Id by way of an
equation of Id=GdxH.

3. Third Embodiment

FIG. 11 is a flowchart showing the measurement method
for measuring delay time variation data in accordance with a
third embodiment. FIG. 12 is a sequence chart showing the
measurement method for measuring delay time variation data
according to the third embodiment. FIG. 13 is a graph exem-
plitying delay time variation data. The third embodiment
demonstrates the measurement of delay time variation data in
uplink communication using the macro-cell radio module
104a.

The measurement method of delay time variation data
according to the third embodiment will be described with
reference to FIGS. 11 and 12.

Step S31: The macro-cell radio module 1044 counts the
number of times B it receives ACK in each unit time A (e.g.
one second) and the number of times G it receives NACK in
each unit time A.

Step S32: The radio environment cognition unit 105 cal-
culates an uplink average packet repeat delay time K by way
of an equation of K=(G+B)xH where H denotes a time
required for repeating a single data packet which is a fixed
time, e.g. 8 milli-seconds for one-time repetition according to
the HARQ.

A measurement example where A=1 second, and H=8
milli-seconds is as follows:

Times 1-2 seconds: G=10, B=50, K=1.6 milli-seconds.

The radio environment cognition unit 105 calculates dis-
tribution characteristics of the uplink average packet repeat
delay time K, an example of which is shown in FIG. 13.

The radio environment cognition unit 105 determines
delay time variation data based on distribution characteristics
of the uplink average packet repeat delay time K. Based on
delay time variation data, it is possible to detect the charac-
teristics of delay time variations in uplink communication
using the macro-cell radio module 104a.

The third embodiment demonstrates the measurement of
the uplink average packet repeat delay time K in uplink com-
munication, but it is possible to measure a downlink average
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packet repeat delay time in downlink communication in a
similar manner. In order to calculate a downlink average
packet repeat delay time “Kd” in downlink communication,
the macro-cell radio module 1044 counts the number of times
“Bd” it transmits ACK in each unit time A and the number of
times “Gd” it transmits NACK in each unit time A. Subse-
quently, the radio environment cognition unit 105 calculates
the downlink average packet repeat delay time Kd by way of
an equation of Kd=(Gd+Bd)xH.

4. Fourth Embodiment

FIG. 14 is a flowchart showing the measurement method
for measuring delay time variation data in accordance with a
fourth embodiment. FIG. 15 is a sequence chart showing the
measurement method for measuring delay time variation data
according to the fourth embodiment. FIG. 16 is a graph exem-
plifying delay time variation data. The fourth embodiment
demonstrates the measurement of delay time variation data in
uplink communication using the macro-cell radio module
104a.

The measurement method of delay time variation data
according to the fourth embodiment will be described with
reference to FIGS. 14 and 15.

Step S41: The macro-cell radio module 104a records a first
reception time R1 of a data packet in each unit time A.

Step S42: The macro-cell radio module 104a records a
second reception time R2 at which it acknowledges the suc-
cess of reception with respect to the data packet received at
the first reception time R1. As the second reception time R2,
it is possible to use the time the macro-cell radio module 1044
transmits ACK with respect to the data packet received at the
first reception time R1.

Step S43: The radio environment cognition unit 105 cal-
culates downlink average packet delay time M by way of an
equation of M=R2-R1.

The radio environment cognition unit 105 calculates dis-
tribution characteristics of the downlink average packet delay
time M, an example of which is shown in FIG. 16.

The radio environment cognition unit 105 determines
delay time variation data based on distribution characteristics
of'the downlink average packet delay time M. Based on delay
time variation data, it is possible to detect the characteristics
of delay time variations in downlink communication using
the macro-cell radio module 104a.

The above embodiments are designed to measure delay
time variation data using the reception acknowledgement
information of frames (i.e. data packets in communication
ranges) in the wireless terminal with respect to uplink com-
munication, downlink communication, and radio media inde-
pendently. Based on delay time variation data, it is possible to
detect the characteristics of delay time variations with respect
to each radio media and each direction of communication.
This demonstrates an outstanding effect allowing the radio
communication system to appropriately switch over radio
media.

The present invention does not exploit radio resources for
measurement, since it does not need probe packets exclu-
sively used for measurement. The present invention can
accommodate an increased number of wireless terminals con-
nected to the radio communication system, since the mea-
surement is performed by each wireless terminal.

It is possible to rectify the above embodiments in various
ways via modifications and design changes. The above
embodiments are each designed such that the macro-cell
radio module 144, the micro-cell radio module 145, the pico-
cell radio module 14¢, and the switch 13 are placed at difter-
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ent positions within the prescribed area covered by the cog-
nitive base station 10; but this is not arestriction. For example,
it is possible to arrange them at the same position or to install
them in the same housing.

Lastly, the present invention is not necessarily limited to
the above embodiments, which can be further modified
within the scope of the invention as defined by the appended
claims.

What is claimed is:

1. A communication characteristic measuring device
adapted to a wireless terminal performing communication
using a plurality of radio media via a base station in a radio
communication system, comprising:

a plurality of radio modules, each of which obtains recep-
tion acknowledgement information regarding a data
packet transmitted to or received from a counterpart
wireless terminal in a prescribed communication range
independently with respect to each radio media; and

a radio environment cognition unit that generates delay
time variation data representing characteristics of delay
time variations based on the reception acknowledge-
ment information independently with respect to each
radio media and each direction of communication,

wherein the radio module counts “B” representing the
number of times it receives ACK in a unit time “A”,
wherein the radio environment cognition unit calculates
“C” representing an average reception time interval by
way of an equation of C=A+B, and wherein the radio
environment cognition unit calculates “E” representing
an uplink average packet arrival time error by way of an
equation of E=D-C where D denotes a packet transmis-
sion time interval, thus measuring distribution charac-
teristics of the uplink average packet arrival time error as
the delay time variation data in uplink communication.

2. A communication characteristic measuring device
adapted to a wireless terminal performing communication
using a plurality of radio media via a base station in a radio
communication system, comprising:

a plurality of radio modules, each of which obtains recep-
tion acknowledgement information regarding a data
packet transmitted to or received from a counterpart
wireless terminal in a prescribed communication range
independently with respect to each radio media; and

a radio environment cognition unit that generates delay
time variation data representing characteristics of delay
time variations based on the reception acknowledge-
ment information independently with respect to each
radio media and each direction of communication,

wherein the radio module counts “Bd” representing the
number of times it transmits ACK in a unit time “A”,
wherein the radio environment cognition unit calculates
“Cd” representing an average reception time interval by
way of an equation of Cd=A+Bd, and wherein the radio
environment cognition unit calculates “Ed” representing
a downlink average packet arrival time error by way of
an equation of Ed=D-Cd where D denotes a packet
transmission time interval, thus measuring distribution
characteristics of the downlink average packet arrival
time error as the delay time variation data in downlink
communication.

3. A communication characteristic measuring device
adapted to a wireless terminal performing communication
using a plurality of radio media via a base station in a radio
communication system, comprising:

a plurality of radio modules, each of which obtains recep-

tion acknowledgement information regarding a data
packet transmitted to or received from a counterpart
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wireless terminal in a prescribed communication range
independently with respect to each radio media; and

a radio environment cognition unit that generates delay
time variation data representing characteristics of delay
time variations based on the reception acknowledge-
ment information independently with respect to each
radio media and each direction of communication,

wherein the radio module counts “G” representing the
number of times it receive NACK in a unit time “A”, and
wherein the radio environment cognition unit calculates
“I” representing an uplink average accumulated delay
time by way of an equation of [=GxH where H denotes
a time required for repeating a single data packet, thus
measuring distribution characteristics of the uplink aver-
age accumulated delay time as the delay time variation
data in uplink communication.

4. A communication characteristic measuring device
adapted to a wireless terminal performing communication
using a plurality of radio media via a base station in a radio
communication system, comprising:

a plurality of radio modules, each of which obtains recep-
tion acknowledgement information regarding a data
packet transmitted to or received from a counterpart
wireless terminal in a prescribed communication range
independently with respect to each radio media; and

a radio environment cognition unit that generates delay
time variation data representing characteristics of delay
time variations based on the reception acknowledge-
ment information independently with respect to each
radio media and each direction of communication,

wherein the radio module counts “Gd” representing the
number of times it transmits NACK in a unit time “A”,
and wherein the radio environment cognition unit cal-
culates “Id” representing a downlink average accumu-
lated delay time by way of an equation of Id=GdxH
where H denotes a time required for repeating a single
data packet, thus measuring distribution characteristics
of the downlink average accumulated delay time as the
delay time variation data in downlink communication.

5. A communication characteristic measuring device
adapted to a wireless terminal performing communication
using a plurality of radio media via a base station in a radio
communication system, comprising:

a plurality of radio modules, each of which obtains recep-
tion acknowledgement information regarding a data
packet transmitted to or received from a counterpart
wireless terminal in a prescribed communication range
independently with respect to each radio media; and

a radio environment cognition unit that generates delay
time variation data representing characteristics of delay
time variations based on the reception acknowledge-
ment information independently with respect to each
radio media and each direction of communication,

wherein the radio module counts “B” representing the
number of times it receives ACK in aunit time A and “G”
representing the number of times it receives NACK in
the unit time A, and wherein the radio environment

10

15

20

25

30

45

50

55

14

cognition unit calculates “K” representing an uplink
average packet repeat delay time by way of an equation
of K=G+BxH where H denotes a time required for
repeating a single data packet, thus measuring distribu-
tion characteristics of the uplink average packet repeat
delay time as the delay time variation data in uplink
communication.

6. A communication characteristic measuring device
adapted to a wireless terminal performing communication
using a plurality of radio media via a base station in a radio
communication system, comprising:

a plurality of radio modules, each of which obtains recep-
tion acknowledgement information regarding a data
packet transmitted to or received from a counterpart
wireless terminal in a prescribed communication range
independently with respect to each radio media; and

a radio environment cognition unit that generates delay
time variation data representing characteristics of delay
time variations based on the reception acknowledge-
ment information independently with respect to each
radio media and each direction of communication,

wherein the radio module counts “Bd” representing the
number of times it transmits ACK in a unit time A and
“Gd” representing the number of times it transmits
NACK in the unit time A, and wherein the radio envi-
ronment cognition unit calculates “Kd” representing an
downlink average packet repeat delay time by way of an
equation of Kd=Gd+BdxH where H denotes a time
required for repeating a single data packet, thus measur-
ing distribution characteristics of the downlink average
packet repeat delay time as the delay time variation data
in downlink communication.

7. A communication characteristic measuring device
adapted to a wireless terminal performing communication
using a plurality of radio media via a base station in a radio
communication system, comprising:

a plurality of radio modules, each of which obtains recep-
tion acknowledgement information regarding a data
packet transmitted to or received from a counterpart
wireless terminal in a prescribed communication range
independently with respect to each radio media; and

a radio environment cognition unit that generates delay
time variation data representing characteristics of delay
time variations based on the reception acknowledge-
ment information independently with respect to each
radio media and each direction of communication,

wherein the radio module records a first reception time
“R1” for receiving a data packet in a unit time “A” and a
second reception time “R2” for acknowledging success
of reception with respect to the data packet, and wherein
the radio environment cognition unit calculates “M”
representing a downlink average packet delay time by
way of an equation of M=R2-R1, thus measuring dis-
tribution characteristics of the downlink average packet
delay time as the delay time variation data in downlink
communication.



